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INTRODUCTION
In many cities all over the world there is a growing concern over car dependence and strategic decisions have been made to support more sustainable modes of transportation (European Commission 2007; Banister 2008; Deng and Nelson 2013; EEA 2013) . Consequently, in all planning exercises, it is increasingly important to model accessibility not only for car, but more importantly for the existing public transport network and for non-motorized transport, in order to guide future policies and reallocate public services in the urban area.
The measurement of accessibility and its use for the optimization of the location of services is especially relevant in fast growing and changing urban areas, where the changes of services and transport network are in need of a more intense re-design. Accessibility has been defined in various ways by different authors (see for example van Eck (2001, 2003) , Bhat et al. (2000) , Geurs and van Wee (2004) or Bertolini et al. (2005) for a complete review). In the current paper, the accessibility is based on the definitions proposed by Bertolini et al. (2005) as "the amount and diversity of places that can be reached within a given travel time and/or cost" (page 209) and Geurs and van Eck (2001) 
as "the extent to which the land use-transport system enables (groups of) individuals or goods to reach activities or destinations by means of a (combination of) transport mode(s)" (page 36).
Ensuring similar levels of accessibility throughout a given urban area has been an often-used policy in order to reduce transport related social exclusion between neighbourhoods. In this sense, a balanced transportation network and a judicious spatial distribution of public services, such that all residential areas have good accessibility, are tools often used in urban planning and policy making. However, this practice it is based on the False Assumption of Older Cohort Homogeneity firstly observed by Davies and James (2011) . Davies and James showed that the dissimilarity between individuals, even under the assumption that all other variables/characteristics were equal through them (e.g. income level, education, household structure), is too large, to consider the group a homogeneous cohort in the accessibility studies. Therefore, age population groups should be subdivided in sub-groups as homogeneous as possible. Previous research papers focusing on different age groups have emphasized the importance of this subdivision of the groups, to obtain detailed accessibility measures. For example, elder population has been considered in specific studies (see for example Frändberg and Vilhelmson, 2011; Horner et al. 2015; Love and Lindquist, 1995; Mercado et al. 2010 or Sikder and Pinjari, 2012) . However, to our knowledge, no approach so far, examined all population groups. Moreover, no attempt has been done to measure group-specific accessibility in the Great Helsinki Region (GHR).
This article proposes a derivation of the Structural Accessibility Layer (SAL - Silva, 2008) to categorize accessibility for different age population groups. This is done in the GHR as a case study, due to availability of data and opinion from experts in the region for its evaluation. This article is of interest for scholars, transport planners and city planners as it discusses a tool to evaluate service allocation, transport network and housing development possibilities in the urban area. As the results are validated by experts in the region, we have greater confidence in the usability and benefits of the method for urban planning purposes.
The remainder of this article is organized as follows: i) first, it reviews previous accessibility studies in the Great Helsinki Region (Section 2); ii) then it describes the method used in the paper and its derivation (Section 3); iii) results are presented next, as well as the potential housing development areas in the city and the evaluation done by expertise in the region (Section 4); iiii) finally, the paper discusses the suitability of the method for urban planners and policy makers to categorize accessibility for different age population groups, as well as for service allocation planning (Section 5), as well as the contributions of the case study results to the scientific debate involving use of accessibility methods (Section 6). Figure 1 ) is formed by the cities of Helsinki, Espoo, Vantaa and Kauniainen. These four cities occupy 964 km 2 and are home for 1,022,380 residents (which represents approximately 19.5% of the Finnish population). The GHR provides an example of a region that has witnessed a rapid growth in the past decades (Haapanen 1998 , Haapanen 2001 , Vaattovaara 2011 due to its economic development and national socio-economic dynamics; GHR currently represents the 6 th biggest growing rates of the European metropolitan areas (e-Geopolis 2014).
REVIEW OF PREVIOUS ACCESSIBILITY STUDIES IN THE GREAT HELSINKI REGION
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The transport network for commuting within the GHR is diverse, as illustrated in Figure 1 . Residents use various transport modes for commuting and other purposes (car, public transport, walking, cycling, and other transport modes) (see HSL 2010). During working days, mode split for the dominant activities (work and work related, school, shopping, leisure and returning home), indicates that most trips are done from home to work, shopping and leisure (see Table 1 ).
Previous research in mobility within the GHR was based on travel surveys and explored travel behaviour in several neighbourhoods of the city area. Kanninen and Rantanen's report (2010) revealed differences in travel behaviour for retail trips to different shopping malls in the GHR. Retail centres with public transport connection showed larger catchment areas, as well as it influenced the threshold times for the selection of the transport mode. While traveling to the retail centres located at the outskirts of the GHR is done mostly by car (between 61 and 78% of the trips, in Helsinki centre most of the trips were done by public transport (51%), with only 10% by car. Compared to other centres, retail centres connected by public transport presented higher relative accessibility indices for times between 20 and 40 minutes. These findings suggest that in the GHR, public transport infrastructure does have an impact on catchment areas and on the travel behaviour of the population.
Later, Ratvio (2012) supported the findings from Kanninen and Rantanen (2010) of spatial differences, showing that citizens that had moved to the outskirts of the GHR display different housing preferences and mobility patterns than those living in the inner city. Ratvio's results were based on mobility surveys done in four neighbourhoods of the GHR (three of them in the outskirts and one in Helsinki center). The mobility in the outskirts was shown to be car-based, whereas in the inner city makes use of diverse transport modes.
The report presented by Toivonen et al. (2012) examined the number of locations reachable by bike, public transport and car within 15, 25 and 25 minutes respectively. These results served to building specific maps for commercial centres, basic services, leisure services and working places centrums that can be reached by a transport mode in a certain time interval. The maps were similar between the various types of services, with the exception of the working centrums, which, by being more equally distributed in GHR, showed higher accessibility and more uniform across the city. The work from Toivonen et al. (2012) showed accessibility dissimilarities between transport modes, however, the measurement was based on a simple contour, with few service groups, with no group differentiation and without joining the access by different transport modes in a single final accessibility index.
Later on, developed a more complete travel time accessibility in GHR by applying three computational models. The data for the most complete model included congestion, real routes, and parking time, and estimated door-to-door times for public transportation and car travel. Their results showed that more complete data for modelling accessibility substantially improved the reliability of the results, without increasing too much the computational requirements.
Finally, special attention has to be put on the developments done in this matter by the Helsinki Regional Transport Authority (HSL). There are three main tools from HSL: first, a contour-based measurement of travel times by public transport on an online based map (HSL 2015) ; second, a tool for measuring accessibility by public transport (MASA); and third, an tool based on potentialaccessibility measurement (SAVU) which integrates the transportation network, land-use, travel mode and trip purpose (HSL 2014).
SAVU represents the most developed and relevant and accessibility tool applied in the GHR. The potential accessibility was constructed based on decay log-functions for 10 different destinations by four different transport modes (walk, bike, public transport and car). These log functions had been previously created and validated by household travel survey data. The final outputs from SAVU are seven accessibility categories: 1) walking, cycling or very dense public transport without transfers; 2) walking, cycling or dense public transport with or without transfers; 3) quite dense public transport with transfers or by car; 4) car or public transport with transfers; 5) car and some journeys with public transport; 6) accessibility mainly by car and; 7) by car (see Figure 2) . Each of these categories is defined in terms of mode share, travel distance per person and CO 2 emissions for car and public transport. SAVU has been later used for evaluating the impact on accessibility of suppressing or opening public services (HSL, 2012) . This tool has allowed to evaluate accessibility in new scenarios with new transport infrastructure, while considering the specificity of the travel decay function for the different destinations; however, it could not differentiate accessibility categories for different age population groups.
Although previous work in the GHR has made substantial improvements in collecting more detail data and providing more specific maps of accessibility by services, there is still a need, expressed by city and transportation planners in the GHR to explore accessibility based on all transport modes, for different age population groups, and for various services, using the best data available. In the current paper, using contour based accessibility measures, we aim to demonstrate the suitability of the current policies in the GHR in relation to the location of basic services and existing transport infrastructure for different age population groups. The accessibility results have been additionally validated through interviews with experts from Helsinki Urban Planning and Helsinki Transport Authority (HSL). The current paper uses Structural Accessibility Layer (SAL) (Silva and Pinho, 2010) . SAL is a contourbased accessibility measure which combines the diversity of activities reachable within observed threshold times by car, public transport and walk. The output of SAL is a land categorization of the potential accessibility of the area for the different transport modes. In the following section, the main advantages and limitations of the chosen accessibility measure are exposed in more detail.
DATA AND METHODS
Data
Our data sources (Table A1 ) included gridded population data (250 x 250 m grid resolution) (Statistics Finland 2012), data on service locations (Service Map n.d.; LIPAS 2013) and a travel time matrix, describing travel times by different modes of transport (car, public transport and walking) from each grid cell (n= 13,230) to all other cells (MetropAccess 2014). Travel time calculations were based on complete travel chains, in order to make the values comparable across different transportation modes. The car travel time calculations included: 1) average access walking time from the origin to the parking lot; 2) travel time from parking lot to destination; 3) average time for searching a parking lot at the destination; 4) egress walking time. The public transport calculation included: 1) walking from the point of origin to the appropriate stop (access time); 2) waiting for the transport vehicle to arrive and to depart; 3) in-vehicle travel time between the initial and final stops; and 4) walking from the last stop to the final destination (egress time). In addition, many public transport journeys include transfers, which possibly imply walking from one stop to another and waiting for the next vehicle to depart .
The use of Structural Accessibility Layer for accessibility categorization
There are several models for relating land-use and transportation (see Wegener 2004 for a full review) and several tools for accessibility have been created (Handy 1996 , Geurs, van Wee 2004 , Silva and Pinho 2010 , Te Bömmelstroet et al. 2014 ). In the current study, Structural Accessibility Layer (SAL) (Silva, Pinho 2010 , Silva 2008 ) was found specially relevant because: first, it explains potential travel modes constrained by the built environment; second, it allows for the stratification of the population and the use of detailed working scale; third, it evaluates possible travel modes without predetermining the one used by the resident. Finally, it allows the identification of potential areas for development.
Silva (Silva 2008) , defined SAL as a "tool [that] measures structural accessibility by comparing accessibility levels between different transport modes to a range of activities in a given territory". In other words, SAL evaluates what mobility choices that are made available by the urban structure. It does not measure mobility itself, neither its sustainability, it rather measures the extent to which the urban systems provide the necessary conditions to enable sustainable mobility patterns (Silva 2008) . Therefore, the measure is not capable to measure actual accessibility because it does not consider the individual desires of destinations, but the potential possibilities based on the land-use and transportation characteristics.
SAL is composed by two main accessibility-based measures: the "diversity of activity index" (DivAct) and the "comparative accessibility measure" (the accessibility cluster) (Silva 2008) . The DivAct is an accessibility contour measure that evaluates the accessibility level for each transport mode and it is based on the "dissimilarity index" proposed by Cervero, Kockelman (1997) (see equation 1).
where i is the type of activity (out of a set of 29), Act i is a binary variable indicating whether the activity i is accessible within the threshold time or otherwise, and f i their potential frequency of use.
However, in the current study, data about the frequency of use for each of the 29 services was not available and same frequency was assumed for all services included in the study.
Its range from zero (no accessible activities within the set boundaries) to one (all activities accessible within the threshold) shows how close residences are to a variety of activities considering a certain travel mode.
The comparative accessibility measure is "made operational by the benchmarking cube, dividing the full range of accessibility levels by the three transport modes into a linked number of categories and clusters" (Silva, Pinho 2010 , Silva 2008 . In addition to the analysis of the accessibility categories for the general case, we disaggregated the accessibility categories by the main type of residents in the GHR. The final accessibility categories are the result of combining the 27 different analysis categories. The analysis categories are the combination of each travel modes divided into three accessibility classes A (very good accessibility by the travel mode), B (good accessibility) and C (poor accessibility). The same two thresholds as SAL (0.50 and 0.85) were applied. The combination between the three coefficients (one for each transport mode) defines the point within the 3D space. This space is divided in 27 categories, which combines these 27 cubes into the 10 final accessibility categories (Silva, Pinho 2010 , Silva 2008 ) (see Table A2 ).
As threshold times, we used 38 min (st.dev. 13) for PT; 15 min (+ st.dev 6) for car; and 10 min (st.dev. 16) for walking. These threshold times were obtained from which collected data from 4,669 trips made by 711 respondents in the GHR (not shown). The general accessibility categories were calculated using both the mean commuting time and the time adding the standard deviation; whereas the accessibility categories for the household members has been calculated only using the mean commuting times.
In the current study, accessibility categories were considered depending on the services targeted to be important for each type of resident (see Table 2 ). The allocation of the services for each age group was obtained from discussions with local urban planners, members of the urban unit from City of Helsinki and transportation experts from the transport agency of the Helsinki Capital Region. A binary variable was used to indicate if the facility was relevant to the population group of not, since no data regarding frequency was available. The allocation of services was based on identifying residents as potential users of the service. All types of residents were used when the targeted user was not defined by the service. The threshold times for every transport mode trip had to be the same as in the general map, since no specific threshold times references where found for each type of resident. The accessibility categories were calculated for the whole population and for few age-stratified groups of inhabitants (defined based on socio-economic data from GridDataBase 2010): children from 0 to 7 years old, children from 7 to 17 years old, students (from 18 to 24 years old), young adults (from 25 to 34 years old), mid age adults (from 35 to 54 years old) and pensioners (over 65 years old). These population groups allowed us to include the 96.64% of the total population. We note here that the population between 54 and 65 years old could not be included (3.36% of the population) since no survey data was available for that age group (see Appendix B).
Finally, in order to facilitate the interpretation of the results, we visualized the distribution of the percentage of population living in the different accessibility categories using bar charts and we jointly mapped the walk-based categories with the population distribution.
RESULTS
Spatial distribution of the accessibility categories
The accessibility categories obtained from the SAL calculation inform about the transport modes available to the GHR residents to reach different urban opportunities within set threshold times. "Medium" and "Low" categories represent those locations where hardly or none of the opportunities could be reach by any transport mode. Additionally, two categories, 6 ("PT and Car (better walk)") and 7 ("PT and Car (worse walk)"), were created by splitting higher values of walking index for category 6 and lower walking index for category 7 (see Table A2 ). These categories, which were originally amalgamated as one in SAL (Silva and Pinho, 2010) , assist us to obtain better spatial differentiation in the region. This study then applies ten categories of accessibility, instead of seven (Table 3) .
The accessibility maps for the general case (the whole population) included all the services in the calculation of the DivAct. In the first general map (Figure 3 ) the mean value for commuting times across GHR were used as threshold times for the calculation. There are no areas with accessibility classes 1 ("Walk"), 2 ("Walk & PT") or 4 ("Walk and Car"). This means that there are no areas with a clear dominance of walk accessibility over the other transport options, and in areas where there are suitable options for walking, the options for PT and Car are equally available.
Areas with a high DivAct index for walk mode are located close to the rail network. Only six exceptions of neighbourhoods appear to have high DivAct for walking mode and are not close to rail network. High index of DivAct for public transport appears to follow the rail network as well. The only exception can be found at the south of Espoo, where the high index for public transport is explained by good bus connections (not shown).
The DivAct index for car is clearly following two spatial patterns. First, there is a high index for all areas within the outer ring road surrounding the HCR; they can be observed on the DivAct map for the car mode. The second spatial pattern follows the three main radial motorways leading to the city centre of Helsinki (one from the west crossing Espoo, one from the north and a third one from east crossing Vantaa).
Accessibility class "All modes" appears only in two areas close to the centre of Helsinki city (approximately the neighbourhoods of Kamppi and Kallio), whereas the city centre of Helsinki has accessibility category as PT & Car (better walk) (Figure 3 ).
The use of mean commuting times expresses the accessibility categories based on the most common travel mode choices, while adding one standard deviation to the average better describes the actual transport opportunities in the region, after incorporating some uncertainty associated with traffic conditions. The lower values from the standard deviation of threshold times could also be calculated as an indicator of the accessibility categories for those citizens with more physical restrictions for mobility; however, in the current study we wanted to focus on the restrictions by age population groups assuming that all GHR residents commute experiencing the average commuting times. Adding one standard deviation to the mean commuting times, leads to slightly different results (Figure 4 ). The accessibility category "All modes" occupies all Helsinki city centre and the areas close to the metro stations in the eastern part of Helsinki. This is consistent with anecdotal evidence on the perceived accessibility levels in Helsinki, as expressed by its residents as well as experts.
Finally, most of the areas of Helsinki and Espoo outside the outer ring road present medium of low level of accessibility, even when considering the maximum amount of time that residents would be willing to use for every travel mode (see Figure 4) .
Specific accessibility categories for the main types of residents in HCR
From the resulting accessibility categories for each type of resident (Appendix A) we first checked the proportion of residents of a certain age group living in each of the accessibility categories (see Table 3 and Figure 5 ). The results indicate that, when considering the location of the residents in 2010, there are big dissimilarities between population groups across GHR. It is worthwhile pointing out the cases of Child 0-7 years old and Students, where 32.0% and 32.8% of the respective groups reside in areas with accessibility categories were "Car", "Medium accessibility" or "Low accessibility". Results from Children from 0 to 7 years old call for further assessments of accessibility, based on trip chains, since children are chauffeured or accompanied by adults when they travel; however, the results still indicate that a walk-based accessibility is not a priority for those families with young children when selecting their residence. On the other hand, 39.6% of pensioners reside in areas with "All modes" as accessibility categories, which ensures the possibility of reaching the services for pensioners also by walking.
In a final step, we focused on finding those areas where some transport or urban development could improve accessibility. For this aim, we selected from the general map those areas presenting a high amount of population (between 422 and 2521 inhabitants) located in areas with accessibility categories "Car", "Medium" or "Low" accessibility. The results show that there is a need for more public transport development in the northern part of Vantaa, west of Espoo (close to Kauniainen) and some little neighbourhoods in Espoo.
A similar procedure was used in order to find potential urban development areas for specific population groups. Areas with walking as an optional mode and relative low population (between 0 and 37 inhabitants) of each type of resident where marked in a single map (see Figure 6a ).
When aggregating all the individual areas of potential development, there are more urban clusters suitable for urban development in Helsinki City (Figure 6b ). Notably there are three main areas with strategic planning focus; two of them are located in the centre of Helsinki. Additionally, there is a third one located around the area of Ruoholahti.
When looking at the characteristics of areas for potential development for each population group (Figure 6a ), we note much smaller and dispersed areas for the Children 0-7 and Children 7-17 population groups, compared to the rest of residents; Moreover, these areas are more located outside of Helsinki centre (where the other types of residents mostly live).
Interview and evaluation of the results with specialists
In order to cross-validate our results, we interviewed three specialists from the City Planning Department of the City of Helsinki, which have been using accessibility measurements for their tasks in the past, and additionally three more specialists from the Transport System Department of the Helsinki Region Transport (HSL). The interviews were conducted in two rounds and they were recorded. The purpose of the interview was to assess the usefulness of SAL and check the reliability of the presented results on this paper.
The six interviewees had various professional backgrounds -transportation technology and planning, economic geography, political sciences and statistics, planning geography and engineering. Their responsibilities were related to the design of the transportation system, demand forecast, measurement of accessibility in the city, and development of the city master plan.
During the interview, the respondents were asked about the use of accessibility concepts and tools in their work and about their preferred indicators of accessibility. Main answers pointed out the need of accessibility for different age population groups: In the second part of the interview, the methods and the results of the current study were presented. The respondents were asked about the utility and reliability of the resulting maps. Respondents then emphasized the utility of such maps for service planners and pointed out the dependence of the calculations on the set of services included in each group and the lack of weighting of the frequency of use of the services: 
"These maps are very important for those who plan services. They should take a look on different population groups. Services would need to be categorized based on their usage (e.g. daily, weekly). Because for daily services you have to have good access." (transport modeller).
DISCUSSION
This paper has presented an adaptation of SAL method with disaggregated data and its results for the GHR region in general and for six main types of residents. Results showed the potential mobility patterns in the different areas of the city, based on the current transport network and the distribution of urban services.
One of the main goals of this research was to evaluate the accessibility for the main type of residents and indicate transport and service reallocation needs. The disaggregation by six types of residents was done based on a previous analysis of the population structure (see Appendix C). The results presented in Table 4 and Figure 5 , show that some policy in allocation of services or in urban transportation should be done for the groups of Children 0-7 and Students, since both groups present high percentage of their population residing in areas categorized as car dependent or with medium or low accessibility. On the other hand, Pensioners seem to benefit from a fairly good accessibility, considering that all pensioners reside in areas where at least PT is one of the available transport modes. The strategy used for Pensioners could be analysed and used for balancing the cases of Children 0 -7 and Students. Additionally, the cases of Child 7 -17 and MA should be further examined since in both cases, there is a small proportion of individuals (7.8 and 5.9 %) living in areas categorized as All Modes; they also present a 6.6 and 6.8% respectively of their residents living in car dependent or medium/low accessibility areas.
The significant difference in the accessibility levels across various population groups supports the False Assumption of Older Cohort Homogeneity proposed by Davies and James (2011) . Additionally, the interviews with local experts supports the idea that specific accessibility maps for the age population groups would be of special utility when planning public services in the region.
Findings from Ratvio (2012) where citizens located in the outskirts of the region (further from Ring III) were traveling mostly by car are supported by our results. General maps (Figures 2 and 3) showed how the outskirts of the region were classified as car-based (car mode, medium or low accessibility category). When looking at the accessibility categories for the six age groups (Figures in Appendix A), all areas located further than Ring III are classified as car-based, medium or low accessibility levels, regardless of the age group. This study is not able to support, neither contradict, the findings of Kanninen and Rantanen (2010) where public transport infrastructure was found to have an effect on travel behaviour. As travel survey data is missing in the current study, we only provide insights on the potential accessibility based on the available modes, not necessarily the ones used by residents to travel. Further work will explore whether residents living in areas where public transport is an option, differ in their travel routines from those that do not have that option. Nevertheless, interviews with local experts and general statistics on share mode of citizens in the different neighbourhoods seem to indicate, in a qualitative way, that the share of public transport, walk and bike is higher in those areas that have been categorized with at least public transport as one feasible option.
The results presented in the current study improve the usability of the information obtained from SAVU, since they can bring more specific findings on accessibility for different population groups. These results have direct implications in detecting inequalities in accessibility between population groups; and therefore, unlike SAVU, gives to transport planners and policy makers more specific information on where to focus for delivering better accessibility. These results have additionally indirect implications regarding housing development and public services management. The spatial location of different population groups indicate possible interventions or promotions for, in one hand, providing housing offer adapted to the needs and economic capacities of those population groups; and on the other hand, it targets population groups which voluntarily have chosen car-dependent locations but who could be pursued to switch to other modes made available to them. Regarding the service management, the method used in the current study, which included 29 services instead of the original 10 services in SAVU, shows that accessibility categorization can be done at any detail level. This methodological advantage opens the opportunity to evaluate the accessibility for targeted services in the city.
Limitations and further research
The main limitation of the current method is the discreet behaviour of DivAct which counts only if the service is within the assigned threshold. This creates therefore two potential sources of bias in the results: 1) we are assuming the same threshold time for all age groups, and 2) the lower is the number of services for each group, the more impact will have in the final DivAct score since, due to lack of complete data, no weighting through frequencies of used could be applied in the calculations. However, interviews with transport and urban planning experts showed that the presented results are useful for location and reallocation of services in the region. Experts indicated that this approach was useful for gaining more specific spatial evaluation of accessibility categories for different group members; and therefore, observe the services and neighbourhoods that must be improved. Further research should focus on including specific threshold travel times for each group, include frequency of use weighting (if data becomes available) and compare the accessibility results with travel survey data.
Additionally, accessibility categories that included the standard deviation in their threshold time, might express better the perception of the population about the accessibility in the neighbourhoods and a higher correlation with the housing market value should be expected. Figure 2 shows a gap between the potential accessibility and mobility of the areas, which indirectly might affect the price of the real estate market; there is room for economic evaluation of accessibility perception and quantify the value brought about by accessibility. Previous research has shown a significant relation between the built environment and travel patterns (Cervero and Kockelman 1997 , Halden 2002 , Handy and Niemeier 1997 , Bertolini et al. 2005 , Halden et al. 2000 , Straatemeier 2006 , Straatemeier and Bertolini 2008 , Aditjandra et al. 2013 . However, given data availability, the current paper cannot contribute to this debate.
As the GHR is under a constant need for housing new population, this research could indicate suitable areas for future urban development, as well as areas presenting car-based accessibility categories only. The detailed level of the data allowed us to provide more detailed results on accessibility for various population groups with different activity needs; however, the lack of frequencies of use for each of the services means that we assume similar importance for the facilities in a certain population group. Future research should focus on the accessibility at the household level and if possible consider a categorization of trip chains, in order to understand the value of accessibility when selecting a new living residential area.
In conclusion, the SAL has shown to be a useful method for estimating the transport mode possibilities constrained by the urban structure and service network. Moreover, what-if scenarios can be created for simulating the effects service allocation on the accessibility categories in the area.
CONCLUSION
Drawing on previous work with SAL (Silva 2008) , we provide a detailed application for estimating accessibility in GHR.
Previous studies in the region and interviews with experts have validated the derivation used in the current study as a useful way not only to spatially categorize accessibility, but also to study future actions regarding allocation of services, housing and transport infrastructure. Additionally, the current research has remarked the importance of considering the heterogeneity of the group for a more realistic accessibility measurement approach.
The specification by services and threshold times used in this paper presented significant differences in the results. Future research should be focus on two main directions, first, on the inclusion of specific threshold times for each type of resident when calculating accessibility categories; and second, on the inclusion of usage frequency of the services and it validation with travel survey data. 
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